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The study of genetic variation has the potential to aid understanding of the mechanisms underlying the observed inter-individual
variation in drug response and by which idiosyncratic adverse effects occur. In this review, we outline current progress in
pharmacogenetics using examples to highlight both mechanisms of influence of polymorphisms and research strategies for their
detection. In the final sections we discuss contemporary challenges for both researchers and clinicians.

Introduction

What is pharmacogenetics?
Each prescription written constitutes an excursion into the
unknown that is fundamental to the balance of risk and
benefit in medicine. Will the patient respond fully, partially
or not at all? Will there be unacceptable or even life-
threatening adverse effects? Decision making can some-
times be informed by past experience with the drug in that
patient as treatment responses are more similar within
than between individuals. It is also true that responses
aggregate within families and are most similar between
monozygotic twins[1]. This genetic component to drug
response has been documented and investigated for over
50 years, largely through a time of paucity of genetic
markers with which to associate observations. However,
the advent of high throughput genetic platforms, such as
those used in genome wide association studies (GWAS)
and in deep sequencing approaches for the identification
of intermediate frequency or rare polymorphisms, has pro-
vided the field with a timely opportunity which allows
much more extensive exploration of the effects of genetic
variation on treatment response. Pharmacogenetics is the
study of the clinically relevant inherited differences in drug
response that can be in part explained by genetic varia-
tions. In this review we will consider pharmacogenetics

also to include pharmacogenomics, a term increasingly
applied when a whole genome approach is used to inves-
tigate or predict drug responses, or to relate the applica-
tion of these technologies to drug discovery.

The increasing role of pharmacogenetics
Pharmacogenetics has clear potential to influence the
practice of medicine. The selection of drugs based upon a
one-off acquisition of genetic information has the poten-
tial to facilitate the selection of the most efficacious drugs
at the optimal dose, and avoid many severe adverse
effects.Translational research in pharmacogenetics is a pri-
ority for major institutions such as the FDA and NIH [2].
Furthermore, as prices for dedicated genetic testing and
whole-genome screens continue to fall below that of a
private whole body CT scan, there will be an increasing
pressure arising from patients presenting with genetic
results that we must then interpret. However, at present
there are relatively few clear examples where pharmaco-
genetic information has led to a change in the recom-
mended guidance in the use of individual drugs, although
examples are increasing in number. A table of drugs where
regulatory guidance suggests the use of genetic testing to
help guide prescribing behaviour is given in Table 1.

In this review we outline the progress in pharmacoge-
netics from early successes, increasing functional data, and
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initial stratified clinical trials, through to the genomic era
and end with a discussion of future clinical and research
challenges.

Disease-related polymorphisms and
pharmacotherapy

Current treatments
Although this article is not concerned primarily with
genetic predisposition to disease, there are clearly a
number of instances in which genetic polymorphisms
have been identified because they lead to an intermediate
phenotype and that subsequently influences the choice or
duration of therapy.

A common clinical example is the single nucleotide
polymorphism rs6025 in the gene FV known as Factor V
Leiden. It was identified as the cause of activated protein C
deficiency in 1994, and occurs in around 5% of the general
population but 20% of those with thrombo-embolic
events [3]. People homozygous for the polymorphism are
50 times more likely to have a venous thrombosis than
those in the general population, and the presence of other
relatively common mutations (e.g. Prothrombin 20210A)
greatly increases this risk in a fashion that departs from
what would be expected statistically (epistasis). The pres-
ence of these polymorphisms leads to individual tailoring
of standard thromboprophylaxis interventions or course of
anticoagulation for a thrombotic event.

Aside from thrombophilia, SNPs can also lead to other
intermediate phenotypes which confer risk and influence
the choice of medication.The genetic basis for the long QT

syndrome has been extensively investigated, with culprit
polymorphisms in a number of genes including KCNH2.
Individuals with mutations in such genes risk ventricular
dysrhythmia with common drugs such as macrolide anti-
biotics [4].

Another important aspect is that understanding the
genetic basis for disease can contribute to diagnosis (by
defining a subgroup of patients with a specific phenotype)
and treatment. One excellent example of this is the identi-
fication of the genetic defect underlying some patients
presenting with neonatal diabetes. A proportion of these
patients have a mutation in the KCNJ11 gene, which codes
for the ATP-sensitive K+ channel. This channel regulates
insulin secretion, but in patients with activating mutations,
the channel remains open despite elevation in intracellular
ATP concentrations, thus resulting in reduced insulin secre-
tion.These patients were usually treated with insulin in the
past. However, because sulphonylureas such as glibencla-
mide act through an ATP-independent mechanism to
close the channel, patients can be converted from insulin
to a sulphonylurea,with improvement in glycaemic control
compared with that achieved previously with insulin [5].
Hence, in this example, not only has understanding of the
genetic defect in this subgroup of patients with diabetes
led to redefining disease phenotypes based on genetic
information, but in addition this understanding has led
to altered treatment approaches with improved clinical
outcomes.

Drug discovery
One consequence of the use of GWAS approaches for the
study of common diseases or subphenotypes of disease is

Table 1
Genomic markers mentioned on FDA approved drug labels (tumour expression profiles excluded)

Gene Example drugs Effect of polymorphism FDA label recommendation

CYP2C19 Clopidogrel Reduced metabolism of clopidogrel, lower exposure to active
metabolite and, thus, higher cardiovascular risk

Warning of potential effect; consider alternative treatment

Voriconazole Reduced metabolism of voriconazole, thus increased drug exposure Warning of potential effect
CYP2C9 Warfarin Reduced metabolism resulting in higher bleeding risk Warning of potential effect; reduced dose may be required

CYP2D6 Codeine Leads to ultra-rapid metabolism to active metabolite Warning of potential effect; use lowest effective dose
Tamoxifen Poor metabolizers have higher plasma concentrations Warning of potential effect

G6PD Rasburicase G6PD deficiency leads to severe haemolysis with several drugs Screen patients in high risk ethnic groups to exclude risk
genotype before commencement

HLA-B*1502 Carbamazepine Greatly increased risk of severe dermatological hypersensitivity
reaction

Screen patients in high ethnic risk groups to exclude genotype
before commencement

Abacavir Greatly increased risk of generalized hypersensitivity reaction Screen all patients prior to drug commencement
LDLR Atorvastatin LDL receptor deficiency or absence leads to familial

hypercholesterolaemia
Dose adjustments in genetic risk groups

NAT Rifampicin Slow metabolism and greater drug exposure Warning of potential effect
TPMT Azathioprine Slower metabolism and greater resultant risk of myelotoxicity Screen all patients prior to drug commencement

UGT1A1 Irinotecan Reduced metabolism and increased neutropenia risk Reduce initial dose in those known to be homozygous for
UGT1A*28

Nilotinib Exacerbation of jaundice caused by drug Warning of potential effects
Urea cycle disorders Valproate Six potential culprit genes Evaluate for UCD before commencement

VKORC1 Warfarin SNPs associated with lower dose requirements Warning of potential effects

Data taken from FDA website 25 August 2010.
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that a large number of previously unsuspected genes and
pathways are being identified which appear to contribute
to the pathophysiology of disease. For example, in two
recent meta-analyses of GWAS data performed to identify
genetic factors predicting lung function in the general
population, several novel associations were identified: four
were common to both analyses, namely HHP, AGER, HTR4
and GSTCD [6, 7]. While it does not automatically follow
that targeting these genes will prove an effective thera-
peutic intervention, it is likely that at least some of these
genes or associated pathways may provide novel strate-
gies for therapy. Clearly it is easier to study this when the
function of the proteins coded for by the genes identified
(such as the serotonin receptor HTR4 in the above studies)
are well understood, and where small molecule agonists or
antagonists already exist, than for those genes such as
GSTCD for which little is known in terms of function.

Polymorphisms influencing drug
response

Drug disposition
Early research efforts focused on the genetics of drug
metabolism as several drugs exhibit marked toxic adverse
events that aggregate within families or along racial
groups. The commonest clinical example of a single gene
variation with a major clinical effect is thiopurine S-methyl
transferase (TPMT) in the context of therapy with azathio-
prine or mercaptopurine. Several single nucleotide poly-
morphisms (SNPs) can each lead to an inactive form of this
enzyme and thus active thioguanine nucleotides accumu-
late in tissues with resultant haemapoetic toxicity.
However, subsequent research has delineated a more
complex relationship between TPMT genotype and phe-
notype, highlighting the need to consider both clinical
and additional genetic influences (such as polymorphisms
in inosine triphosphate pyrophosphatase [8] in this
instance).

Family studies of the observed variation in response to
the antihypertensive debrisoquine led to the identification
of SNPs in CY2D6 leading to its inactivity in around 10% of
the population. These variants also influence the metabo-
lism of codeine (reduce conversion to the active metabo-
lite) and antidepressant medications (increase toxicity).
Recent papers have also highlighted the effect of CYP2D6
genotype on the efficacy of tamoxifen for metastatic
breast cancer [9], and brought to the fore concerns over
the co-prescription of medications sharing this metabolic
pathway (e.g. serotonergic antidepressants and tamox-
ifen). Genetic variation can affect drug transport as well as
metabolism, with the best studied example being that of
MDR1 which codes for an ATP-binding cassette membrane
transporter, P-glycoprotein. Two SNPs within this gene
influence its action in the excretion of xenobiotics and
metabolites, and have demonstrable effects on plasma

concentrations of common medications such as digoxin
and fexofenadine [10].

Influential variants need not lie in coding regions of the
genes nor be single base changes. For example, a common
version of the promoter region tandem repeat polymor-
phism in the gene encoding the glucoronosyltransferase
that conjugates bilirubin (UGT1A1) leads to Gilbert’s syn-
drome. The protein is also responsible for the conjugation
of several drugs, so this polymorphism can also lead to the
toxic accumulation of active metabolites such as for the
chemotherapy agent irinotecan. A commercial test is avail-
able for this polymorphism and is referred to in the
product literature for irinotecan, though the clinical utility
of this test is still debated [11].

Drug response
While the magnitude of effect of polymorphisms influenc-
ing drug metabolism can be large, in general, the work to
date examining markers for efficacy rather than adverse
drug reactions has not led to major changes in prescribing
activity. A good example is the extensive work undertaken
examining responses to b2-adrenoceptor agonists. The
human b2-adrenoceptor is the target for the most com-
monly used medications in obstructive airways diseases,
and studies on the gene ADRB2 have highlighted many of
the difficulties in assessing the influence of genetic vari-
ants and translating this to clinically relevant outcomes.
The region of ADRB2 is highly polymorphic and includes
three non-synonymous coding region polymorphisms
with functional effects on receptor down-regulation,
ligand-binding and adenyl cyclase.However,study of these
polymorphisms in vitro does not account for the influence
of neighbouring SNPs, and commonly seen combinations
of genotypes across the gene region (haplotypes) vary
between racial groups, casting doubt on the applicability
of such data. Several small studies investigated the effect
of ADRB2 coding polymorphisms on bronchodilator
response, and this has been followed by retrospective
genotyping of a large clinical trial of a short-acting
b-adrenoceptor agonist, then a small genotype-stratified
prospective crossover trial [12]. Overall, individuals who
were homozygous for the polymorphism leading to an
arginine at position 16 (Arg16) had lower FEV1 and PEFR,
and higher symptom scores compared with those possess-
ing glycine (Gly16) in response to frequent or regular
inhaled short-acting beta-agonists [13]. However, while
these data seem robust, they are not relevant to the cur-
rently accepted guidance for the use of b-adrenoceptor
agonists in asthmatic patients and scope for meta-analysis
is notably limited by significant heterogeneity in the out-
comes considered across studies. Debate has therefore
ensued over whether these results can be extended to
long-acting b-adrenoceptor agonists (LABAs), especially
used in the clinically relevant fashion alongside inhaled
corticosteroids. Retrospective analysis of patients treated
in clinical trials with LABAs has failed to identify genotypic
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specific effects on efficacy [14]. Prospective, randomized,
trials of the addition of salmeterol or placebo to inhaled
corticosteroid and the use of salmeterol with or without
corticosteroid found benefit from LABA use for all geno-
type groups (retrospectively genotyped), and no signifi-
cant difference between them [15,16].Persisting questions
remain as to the aetiology of the excess mortality seen
particularly in African Americans in response to LABA
therapy.Whether or not genetic markers may predict treat-
ment response to the new group of ‘ultra-LABAs’ such
as the recently launched indacaterol [17] remains to be
determined.

Although not the focus of this review, perhaps the best
evidence for the use of genetic approaches to predict effi-
cacy comes from the oncology arena. Here it is the tumour
genetic abnormality which can be used to guide therapy.
Perhaps the best example is in the use of trastuzumab to
treat breast cancer in individuals with tumours which are
HER-2 positive [18].

In the above sections we have mentioned notable
examples of ‘low-hanging fruit’ where single SNPs have a
major impact on phenotype.The story of research into the
influence of ADRB2 polymorphisms serves as a reminder
that the situation is usually much more complex. Most
drugs act through, and are metabolized by, complex path-
ways which include partial redundancy and that have
components that are not readily inactivated in the pres-
ence of a single SNP (canalization). In addition, these
pathways are often not fully elucidated and gene–
environmental interaction may have a profound effect on
drug effectiveness. In recent years, the plethora of genetic
marker data that has become available and the falling cost
of genotyping have enabled a hypothesis-free approach to
seek a bank of polymorphisms that can explain part of the
variability in observed drug response, and shed light on
previously unrecognized aspects of the drug’s mode of
action. Several genome-wide association studies (GWAS)
have now been published for drug response, generating
hundreds of thousands of genotypes for participants of
clinical trials [19] or for in vitro model systems such as trans-
formed cells with expression data [20].

As with GWAS approaches to the study of disease sus-
ceptibility, these studies have both raised questions as to
our understanding of the basic mechanisms at work by
highlighting SNPs in genes not thought to be relevant pre-
viously, and have so far been able to explain less than
expected of the observed inter-individual variability. This
said, encouragement comes from results of studies of the
pharmacogenomics of nicotine. Candidate gene and
GWAS have identified SNPs robustly associated with
smoking-related phenotypes. Although these polymor-
phisms explain little of the observed variation in isolation,
a panel of up to 60 SNPs (alongside age and gender) in a
multivariate predictive model derived using Bayesian net-
works predicts nicotine dependence with 75% accuracy
[21].

Drug toxicity
In common with the previous sections, there have been a
small number of successes in identifying polymorphisms
underlying the genetic predisposition to some uncommon
adverse drug effects. However, more recently studies of
more common adverse outcomes have been facilitated by
astute use of both integrated association and expression
data in cell lines [22], and GWAS of patient populations.
Promising examples of the latter approach have been the
investigation of flucloxacillin-induced liver injury where
replicated association has been seen with HLA type
B*5701 with an observed odds ratio of the order of 80 [23],
and of statin-induced myopathy where variants in the
SLCO1B1 gene explain 60% of cases [24]. Further investiga-
tion into mechanisms underlying focal adverse reactions
remain necessary, although it could be argued that the
mode of action of significantly predictive genotypes need
not be fully understood before their clinical application.
This is the case for the antiviral drug, abacavir, whose
potential to cause a widespread hypersensitivity reaction
(that may relatively spare the liver) is also predicted by the
HLA-B*5701 genotype. In a double-blind, prospective, ran-
domized study involving almost 2000 individuals, geno-
type screening prior to commencement of abacavir
completely eliminated immunologically confirmed hyper-
sensitivity reactions, and greatly reduced clinically sugges-
tive episodes [25].

Studies investigating the adverse effects of medica-
tions have also attempted to address the great majority
of inter-individual variability that cannot be explained by
whole-genome SNP results (‘missing variation’). Kalari and
colleagues, for example, sought association between tox-
icity of cytidine analogues and copy number variants
(CNVs) [26]. CNVs are a relatively recently described class
of genomic structural variation with clear potential to
influence therapeutic response. They consist of relatively
large sections of DNA (1 kilobase to several megabases)
that include segmental duplications, deletions or inver-
sions. An accurate estimate of the frequency of these
variants is still awaited, although they account for
approximately 15% of the genome [27]. The technology
available to detect these variants is improving rapidly,
with several new generation arrays having been used to
show association between gene-dose and disease risk
[28]. Pharmacogenetic studies of drug toxicity have
also begun to examine pathways [29], although not yet
by GWA pathway analyses. This promising approach seeks
association between variation in components of a
molecular process and a clinical endpoint on the premise
that our true target in the discovery phase of genetics is
a pathway [30], and that a number or perturbations
in a pathway is likely to be required for an effect on
phenotype to occur [31]. This appealing concept is
currently tempered by statistical challenges, although a
good deal of work is ongoing to overcome these issues
[32].

Current progress in pharmacogenetics

Br J Clin Pharmacol / 71:6 / 827



Challenges

Research challenges
The challenges facing pharmacogenetics are largely
common to all population genetic research. In the first
instance detailed phenotyping is required on subjects,
who are preferably in receipt of a standardized interven-
tion.Although genotyping in clinical trials is now common,
trials are powered to detect a change in a common clinical
outcome and so may not be informative with regard to
uncommon adverse effects or therapeutic response deter-
mined by (relatively uncommon) multilocus genotypes.
Trials may also exclude individuals at risk of adverse drug
effects through multiple medical conditions or polyphar-
macy, and full datasets may not be released for academic
scrutiny. The need to record accurately and subsequently
account for variation in administered medication and
potential confounders will continue to be an important
feature of such studies.

Researchers face difficult questions as to the design
of the genetic analysis in any pharmacogenetic study.
The candidate-gene approach, analysis systematically
informed by existing metabolic data [33], and hypothesis-
free genome-wide analysis all have their place when used
appropriately. Increasingly, methods addressing the
‘missing variation’ mentioned above will incorporate
studies of copy number variants, sequencing for rare vari-
ants in key genes and attempts to address the biologically
plausible but statistically challenging field of gene–gene
and gene–environment interaction [34] will be used. In the
near future, further layers of complexity will be introduced
with the increasing study of epigenetics, changes in the
genomic environment that lead to altered gene expression
can be inherited, or altered by environmental factors or
even medications themselves [35].

In all cases, a clear investigation strategy prior to the
study is essential to temper enthusiasm for results pro-
duced by multiple testing or subgroup analysis in a single
population. A major issue is that of replication of results as
the aforementioned well-phenotyped and genome-wide
genotyped populations are rare commodities. Replication,
however, is essential to avoid being misled by initial
extreme results [36]. Furthermore, because of the linkage
structure and frequencies in the polymorphic background
across racial and ethnic groups, a finding uncovering a
genetic marker of drug response must also be replicated in
diverse populations if it is to be widely clinically employed.
A suggested method of investigating adverse drug reac-
tions with genome-wide analysis is shown in Figure 1.

Although the genome era of pharmacogenetics has
promise to influence widely clinical practice, it is worth
considering an adage in medicine that has been attributed
to William Osler:‘Common sense in matters medical is rare,
and is usually in inverse ratio to the degree of education’.
We should not be so taken with the statistical significance
of findings that we do not strive to undertake prospective

clinical trials to determine predictive values and/or further
functional biology research to elucidate basic mecha-
nisms. For example, in our experience the majority of prob-
lems with warfarin dosing and side effects on medical
wards would seem to relate to suboptimal judgement,
communication or concordance rather than the marked
effect of common polymorphisms.

Pharmacogenetic approaches have the potential to
make existing medications safer and possibly more effica-
cious, but it should also be noted that they may play a key
role in the rediscovery of discarded drugs. For example, it is
common practice for compounds that are metabolized by
CYP2D6 not to be pursued in drug development in light of
the potential problems with common existing therapies
such as codeine, fluoxetine, metoprolol and tamoxifen.

Analysis

QC and imputation

Replication studies

Standardization of phenotype

Chip
genome-wide

genotyping

Cases and controls from several
centres

Data from biological
databases

Functional work
to examine

molecular basis

Prospective
testing for

predictive value

Additional controls from
existing genotyped databases

Figure 1
An idealized pathway for the use of genome-wide association data in the
investigation of the genetic basis for adverse drug reactions
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However, a genetic test could identify those at greatest risk
of side effects from these medications and thus allow
potentially efficacious drugs to the market with an
increased safety profile. Initial drug company concerns
over the release of drugs that require pharmacogenetic
testing have been at least partially assuaged by the
increased prescription of abacavir since testing became
available [37]. It may be that the first drug to be
reappraised in this manner is lumiracoxib, the cyclo-
oxygenase 2 inhibitor that was either not approved or
withdrawn because of concerns over hepatotoxicity. A
recent GWAS and fine mapping effort has identified a HLA
type strongly associated with risk of adverse outcome [38].

Clinical challenges
Presently there are many instances when the dosing of
common drugs is influenced by existing patient data such
as renal function and age [39]. Problems encountered in
achieving compliance with these adjustments (e.g. [40])
hint at the difficulties that may be seen when incorporat-
ing genetic information (which has to be specifically
requested). Clearly, as the range of medications influenced
by genetic testing becomes greater, there will be an
increasing onus on interested parties across specialities to
disseminate clear information as to the availability of spe-
cific tests, when they should be employed and to guide
their interpretation. This latter issue is perhaps the most
challenging of all, as most genetic tests will influence risk
prediction rather than give categorical reassurance of effi-
cacy or freedom from adverse effects. It is likely that phar-
macogenetic guidance will need to be increasingly
included in national and society guidelines for common
conditions and that medical professionals and pharmacists
will need further education and support in interpreting
these risk estimates [41].

Finally and most importantly, challenges lie in explain-
ing the rationale for and results of pharmacogenetic
testing to patients. Experience from dealing with the
results of existing complex genetic diseases would suggest
that well-informed practitioners will need additional time
and supportive resources to discuss genetic results [42].
However, it is as yet unclear how such extended con-
sultations will be accommodated and reimbursed in a
pressured NHS, and the likely overall morbidity and cost
benefit is yet to be elucidated. In the near future, falling
costs and increasing availability will lead to an increase in
the number of individuals who have purchased their own
genome-wide SNP genotype profile. Such tests are already
commercially available for as little as £250 and will soon
place a further burden on general practitioners, although
company records may well become a resource for future
pharmacogenetic study [43].

Ethical challenges
The major current ethical issues arising from pharmacoge-
netic study are common to many aspects of medicine in

that they relate to justice in the allocation of the resources
and the autonomy of patients involved in research. It is
evident that genetics has consumed a huge quantity of
research capital, much of it from the public purse, and
although research technologies and information process-
ing move on apace, there is a notable discrepancy in the
speed at which findings have been translated into direct
clinical benefit. This concerning divergence must also be
taken in the context of tremendous worldwide morbidity
for want of appropriate medical therapy,and the frequency
of adverse drug reactions that are preventable with exist-
ing clinical information [39]. Researchers and funding
bodies must therefore be vigilant that pharmacogenetics is
not an expensive pursuit of knowledge for its own sake,but
that it complements existing practice and education in
drug prescribing, administration and monitoring.

It has become increasingly clear that pharmacogenetic
research will rarely be able to provide clear binary signals
describing subpopulations at risk of adverse drug reac-
tions or increased drug benefit. The more common sce-
narios will be of genetically defined populations with
substantially overlapping distributions of drug response.
The summary statistics of such subpopulations are unlikely
to describe adequately those who are most refractory or
responsive to a medication. In such scenarios, genetic
testing has greatest benefit for those in the tails of the
distributions (‘edge’ effects [44]), especially in the case of
rare drug effects. Hence, few individuals who will undergo
genetic testing are likely to directly benefit from it, so
detailed evaluation of the cost of testing and the severity
of the complication prevented (or treatment benefit
gained) will be necessary in each case. There is therefore
clear scope for adopted and future pharmacogenetic strat-
egies to increase further existing disparities between
optimal and universal healthcare provision, creating diffi-
cult priority selection issues for national healthcare provid-
ers and insurers.

The balance of risk and reward for prospective partici-
pants in pharmacogenetic trials also differs from other
drug trials. Here, the risks of the drug administered are not
diminished in the testing cohort when compared with
standard practice and there is no scope for additional
benefit as there is no new drug on trial. They additionally
carry the risk of misinterpreting the inevitably more
complex study design, and investigators must consider
concerns over the subsequent handling of their DNA
samples. Indeed, the issue of informed consent for medical
research has taken on a new dimension with the drawing
of samples for genetic analysis within drug trials. Often
broad consent allows samples to be stored for protracted
periods and used for studies not explicitly detailed. There
have also been issues with the mechanism of withdrawal
of consent and location of DNA samples as commercial
entities merge or relocate. Such issues with commercial
and university biobanking are discussed in detail else-
where, for example, by Corrigan and colleagues [45].
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Conclusion

In summary, we have given examples of the promise,
increasing translational value and varied challenges in
pharmacogenetics. It is to be expected that the current
research focus and political will in this area facilitate poten-
tial increases in patient safety and drug effectiveness
through genetic testing. It is to be hoped that the edu-
cated interpretation of results realizes this potential,
although the timescale for this major change in the prac-
tice of medicine to become commonplace is very difficult
to predict.
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